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Association between vascular measurements and KOA based on MRI and x-ray
features
Age Age & BMI Fully adjusted*
MRI
TFOA MRI IMT 1.06 (0.86-1.30) 0.93 (0.72-1.20) 0.95 (0.71-1.28)
Plaque 0.67 (0.45-0.99) 0.72 (0.49-1.07) 0.77 (0.51-1.13)
BML or cysts IMT 1.02 (0.89-1.16) 0.98 (0.84-1.13) 1.03 (0.88-1.21)
Plaque 0.94 (0.73-1.20) 0.96 (0.75-1.22) 0.99 (0.76-1.28)
Osteophytes IMT 1.05 (0.91-1.21) 0.93 (0.80-1.07) 0.95 (0.81-1.11)
Plaque 0.83 (0.63-1.11) 0.91 (0.68-1.21) 0.91 (0.67-1.23)
Cartilage lesions IMT 1.09 (0.93-1.27) 1.01 (0.85-1.20) 1.04 (0.87-1.24)
Plaque 0.77 (0.57-1.04) 0.81 (0.60-1.10) 0.75 (0.55-1.02)
X-ray
K&L2 IMT 1.03 (0.81-1.31) 0.87 (0.65-1.16) 0.89 (0.63-1.25)
Plaque 0.69 (0.39-1.22) 0.79 (0.45-1.41) 0.89 (0.50-1.58)
Osteophytes IMT 1.11 (0.91-1.36) 0.99 (0.78-1.25) 1.01 (0.77-1.32)
Plaque 0.87 (0.55-1.38) 0.97 (0.61-1.53) 1.02 (0.64-1.62)
Joint space
narrowing
IMT 1.08 (0.98-1.18) 1.06 (0.70-1.61) 1.10 (0.72-1.69)
Plaque 0.78 (0.39-1.59) 0.87 (0.44-1.73) 0.92 (0.45-1.87)
Values are odds ratios (95%CI). TFJ¼tibiofemoral joint, TFOAMRI¼tibiofemoral
osteoarthritis, BML¼bone marrow lesions, IMT¼intima-media-thickness, BMI¼
body mass index.
*Adjusted for age, BMI, total cholesterol/high densty lipoprotein ratio, fasting glu-
cose, smoking, and hypertension.
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HDHA and the pro-resolving 10S,17S-diHDHAwere present in OAversus
RA patient samples, indicating a stronger activation of pro-resolving
pathways in OA than in RA. Interestingly, this was speciﬁc for these
lipids, as both pro- and anti-inﬂammatory cytokines, such as IL-10 and
IL-1RA, were lower in OA than in RA. In line with a stronger activation of
pro-resolving pathways, less inﬁltrating cells were found in the OA
synovial ﬂuid samples than in the RA samples. Analyses of the cellular
inﬁltrate indicated that the majority of the inﬁltrating cells were
monocytes and neutrophils. The number of monocytes correlated with
the number of neutrophils in both diseases, suggesting no speciﬁc
recruitment of a certain cell-type. Interestingly, we found a strong
negative correlation between numbers of inﬁltrating cells and the
concentration of 17-HDHA (not the other lipids higher expressed in OA)
in the OA and RA samples, as well as the individual disease samples,
suggesting a possible biological role for this lipid in cell migration
blockage.
Conclusions: These data indicate that both inﬂammatory and pro-
resolving pathways are activated in OA and RA synovial ﬂuid. However,
the level of inﬂammation is less in OA than in RA and this could be
explained by the presence of higher levels of pro-resolving lipid
mediators in OA compared to RA.
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INFLAMMATORY PROTEIN PROFILING IN THE KNEE JOINT AFTER
DMM SURGERY IN THE MOUSE
R.E. Miller y, Z. Tu z, P.B. Tran y, X.-C. Qin z, J.-F. Luo z, M. Tortorella z,
A.-M. Malfait y. yRush Univ. Med. Ctr., Chicago, IL, USA; zGuangzhou Inst.s
of Biomedicine and Hlth., Guangzhou, China
Purpose: Destabilization of the medial meniscus (DMM) in the mouse
results in progressive knee osteoarthritis (OA). This has become the
most widely used experimental OA model. While the progression of
knee joint damage has been well characterized, concurrent molecular
changes in the joint are less well described and have thus far been
mostly explored at the gene level. The goal of this work was to perform
protein proﬁling of the knee joint using a new array-based multiplex
ELISA system. Two, 4 and 8 weeks after DMM, ipsi- and contralateral
knee joints were compared to respective pre-surgery naïve knees in
order to gain insight into molecular changes occurring at early-to-
intermediate stages of disease.
Methods: DMM surgery was performed in the right knee of 10-week
old male C57BL/6 mice. Ipsi- and contralateral knee joints (n¼5-6 mice/
time point) were collected, pre-surgery (¼baseline), and 2, 4, and 8
weeks after surgery. The entire knee joint was collected, including
femoral condyles and tibial plateaux, with the knee joint kept intact;
attached tissues (skin, muscle) were removed. Protein extraction was
achieved by grinding the knee joint under liquid nitrogen, incubating
the tissue in lysis buffer with protease inhibitors overnight at 4C, and
reserving the supernatants. Total protein levels were measured via BCA
assay (Pierce). Samples were diluted 1:10 and applied to antibody
arrays that detect 120 murine proteins (Cat# QAM-CAA-2000, RayBio-
tech, Inc). For each protein, ipsilateral DMM samples at the three time
points were compared to pre-surgery naïve samples, or contralateral
DMM samples were compared to pre-surgery contralateral samples by
one-way ANOVA with Fisher's LSD post-test. For each time point, p-
values for all proteins were corrected for multiple testing using the
graphically-sharpened FDR method with the maximum acceptable FDR
¼ 0.1.
Results: In ipsilateral knee extracts, of the 120 proteins measured, 33
were below the limit of detection across all time points (0, 2, 4, 8 weeks
post DMM). Out of the remaining 87 proteins, the following proteins
were differentially expressed compared to baseline: Two weeks after
surgery, levels of MCP-5 (CCL12), TARC (CCL17), resistin, IL-6, IL-1a, IL-2,
IL-15, KC (CXCL1), TCA-3 (CCL1), CD40, leptin, IL-1Ra (IL1RN), and
CXCL16 were all signiﬁcantly higher than in naïve knees. Of those
proteins, only IL-1Ra and CXCL16 remained upregulated by 4 weeks
after DMM. In addition, HGF, osteoprotegerin (TNFRSF11B), and p-
selectin were also elevated at that time point. The latter two remained
upregulated 8 weeks post DMM. In addition, VEGFA, VCAM-1, pro-
MMP9, and IL-9 were upregulated, while TROY (TNFRSF19) was
downregulated compared to baseline.
In contralateral knee extracts, of the 120 proteins measured, 42 were
below the limit of detection across all 4 time points. Out of the
remaining 78 proteins, the following proteins were differentiallyexpressed compared to baseline: two weeks after surgery, only one
protein, IGFBP3, was upregulated. By 4 weeks, galectin-1, neprilysin,
and Fcg RIIB (FCGR2B) were upregulated. Finally, 8 weeks after DMM,
contralateral joints had increased levels of IGFBP3, neprilysin, Fcg RIIB,
GITR L (TNFSF18), Eotaxin 2 (CCL24), EGF, and amphiregulin (AREG),
while CD40, TROY, VEGF R1 (Flt1), IGFBP6, and Dkk-1 were
downregulated.
Conclusions: Distinct sets of proteins were regulated in ipsilateral and
contralateral knee joints at the three time points examined in this study.
In ipsilateral joints, proteins related to granulocyte and leukocyte
immune cell trafﬁcking were upregulated at 2 weeks, while proteins
associated with leukocyte trafﬁcking (CXCL16, P-selectin) as well as
bone remodeling (osteoprotegerin, HGF) were increased by 4 weeks.
Finally, at 8 weeks, proteins associated with angiogenesis (VEGFA,
VCAM-1, pro-MMP9) and with T-cells (IL-9) were upregulated. In con-
tralateral joints, proteins related to immune cell movement were
upregulated, while proteins related to developmental pathways were
both upregulated and downregulated. Together, this protein screening
supports recent work demonstrating a role for both innate and adaptive
immune cells in OA and suggests that the contralateral joint is not
completely protected from pathological processes.
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CAROTID ATHEROSCLEROSIS IN RELATION TO EARLY SIGNS OF KNEE
OSTEOARTHRITIS: A CROSS-SECTIONAL STUDY AMONG MIDDLE-
AGED WOMEN
T.A. Hoeven, D. Schiphof, M. Kavousi, J.B. van Meurs, P.J. Bindels,
A. Hofman, O.H. Franco, S.M. Bierma-Zeinstra. Erasmus MC, Rotterdam,
Netherlands
Purpose: Atherosclerosis and knee (KOA) and hand osteoarthritis have
been cross-sectionally associated among older women. These associa-
tions have led to the hypothesis of a shared aetiological feature. Vas-
cular pathology might be related to KOA through systemic low-grade
inﬂammation. We therefore investigated the association between car-
otid atherosclerosis and early features of KOA in a middle-aged women
of the Rotterdam Study.
Methods: Analyses were performed with baseline measurements from
a randomly selected sample within the prospective population-based
Rotterdam Study (n¼888 women (1770 knees), mean age 55.0 ± 3.7
years, mean BMI 27.0kg/m2 ± 4.8). Measures of atherosclerosis included
carotid intima-media-thickness (IMT) and carotid plaque. X-rays of both
knees were used to deﬁne OA in the knees (Kellgren and Lawrence 2),
and to detect deﬁnite osteophytes (2 (0-3)) and joint space narrowing
(JSN; 2 (0-3)) semi-quantitative scoring. Magnetic resonance imaging
(MRI) of both knees was used to deﬁne medial and lateral tibiofemoral
OA (TFOAMRI) and to detect early features of knee OA (bone marrow
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used multivariate logistic regression models with generalized esti-
mated equations to calculate odds ratios (95% conﬁdence intervals). To
investigate possible effect modiﬁcation we additionally stratiﬁed by
obesity (body mass index  27 kg/m2) and menopausal status.
Results:Within the study population, 4.6% of the knees had KL2, 9% of
the knees had TFOAMRI, 5.8% fulﬁlled the criteria for medial TFOAMRI,
2% the lateral TFOAMRI, 7.7% showed PFOAMRI, 27% BML, 15% Osteo-
phytes, and 17% CL. Carotid intima-media-thickness (mean IMT ¼
0.9mm; sd:0.1) and the presence of a carotid plaque (62%) showed no
associations with knee OA (medial, lateral, or total TFOAMRI or K&L2),
nor with any of theMRI or X-ray-features of early knee OA. Stratiﬁcation
by body mass index or menopause did not change our results.
Conclusions: In this cross-sectional study, no associations between
carotid intima-media thickness or carotid plaque and early signs of knee
OA were found among middle-aged women. With these vascular
measurements and these early knee OA features we could not ﬁnd an
association as we found earlier in the older women (mean age 68.6
years). This might be due to the low prevalence of KOA in these middle-
aged women or there is no relationship in this younger female pop-
ulation (mean age 55.0 years).
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LOCALLY INDUCED EXPERIMENTAL OSTEOARTHRITIS RESULTS IN A
SYSTEM BONE MARROW SHIFT TOWARDS A PRO-INFLAMMATORY
MONOCYTE SUBPOPULATION
E.J. Geven, A. Sloetjes, I. DiCeglie, W. de Munter, S. van Dalen,
G. Ascone, P.L. van Lent. Radboud Univ. Med. Center, Nijmegen,
Netherlands
Purpose: A signiﬁcant role for inﬂammation during osteoarthritis (OA)
is increasingly recognized, which involves the recruitment of immune
cells, including monocytes, towards the inﬂamed synovium. In mice
two functionally distinct monocyte populations are described; Ly6C-
high monocytes, which express CCR2 and are considered pro-inﬂam-
matory and Ly6C-low monocytes, which express CX3CR1 and are sug-
gested to be involved in repair processes. These monocytes arise from
the bone marrow (BM) where monocyte chemoattractant protein-1
(MCP-1) is a key molecule that drives the monocyte efﬂux. As second
tissue from which monocytes may originate is the spleen. The aim of
this study is to investigate systemic effects of locally induced OA on BM
and splenic monocyte subpopulations and the recruitment of these
monocytes to the OA joint synovium in collagenase induced osteo-
arthritis (CiOA).
Methods: CiOA was locally induced in C57Bl/6 mice by injection of
collagenase in the right knee joint. Seven and 42 days after induction,
mice (n¼6) were sacriﬁced, together with age-matched naive C57Bl/6
mice. Cells from BM, spleen, blood and knee synovial tissue were iso-
lated and analyzed by FACS. Ly6C-high monocytes were identiﬁed as
(B220/CD90/CD49b/NK1.1/Ly6G)-low CD11b-high (F4/80/MHCII/
CD11c)-low Ly6C-high and Ly6C-lowmonocytes as (B220/CD90/CD49b/
NK1.1/Ly6G)-low CD11b-high (F4/80/MHCII/CD11c)-low Ly6C-low. BM
expression of MCP-1, CCR2 and CX3CR1 mRNAwas determined at day 7
and 42 by q-PCR.
Results: In naive synovium few monocytes were present (1012 ± 925
Ly6C-high and 621 ± 488 Ly6C-low monocytes), which is likely an
artefact of residual blood. At day 7 after CiOA induction, the number of
Ly6C-high and -lowmonocytes in the OA synoviumwas 420% and 300%
increased, respectively, compared to naive synovium. In blood, mono-
cyte subpopulations were not changed, but in BM, the number of Ly6C-
high monocytes was 160% increased, while Ly6C-low monocytes were
decreased by 170%. Furthermore, expression of MCP-1 and CCR2 was
increased by 3.2 and 2.8 times, while CX3CR1 expression remained
unchanged. Even at day 42 increased levels of both monocyte sub-
populations were observed in the OA synovium (Ly6C-high; 280% and
Ly6C-low; 220%). In the BM, no change in both monocyte sub-
populations was observed anymore as well as no change in expression
of MCP-1, CCR2 and CX3CR. In spleen no changes in Ly6C-high or -low
monocytes were observed throughout the course of CiOA, indicating no
role for splenic monocytes in the recruitment of monocytes towards the
OA synovium.
Conclusions: These data indicate that compared to naive synovium,
increased numbers of both Ly6C-high and -low monocytes are present
in the OA synovium throughout the course of CiOA, but that a systemic
effect on the BM monocyte subpopulations and their efﬂux is onlyobserved in the early phase of OA. In the BM a clear skew towards a pro-
inﬂammatorymonocyte subset is visible, indicating that locally induced
OA may also be systemically regulated.
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ATTENTUATION OF HYALURONAN FRAGMENT INDUCED
INFLAMMATORY RESPONSE IN MACROPHAGES BY CHONDROITIN
SULPHATE
T. Stabler y, E. Montell z, J. Verges z, V.B. Kraus y. yDuke Molecular
Physiology Inst., Durham, NC, USA; zBioiberica, Barcelona, Spain
Purpose: Hyaluronan (HA) fragments (<500 kDa) are known to be
pro-inﬂammatory and able to induce an inﬂammatory response from
macrophages characterized by the release of IL-1b and other pro-
inﬂammatory cytokines. We have previously shown that chondroitin
sulphate (CS) can attenuate the monosodium urate crystal mediated
release of inﬂammatory cytokines from activated macrophages in
culture. We sought to determine whether CS could similarly ameli-
orate an HA fragment mediated inﬂammatory response and whether
any CS inﬂammatory inhibition was acting at the level of the
inﬂammasome.
Methods: Cell culture: The THP-1 humanmonocytic cell line (ATCC TIB-
202) was grown in RPMI 1640 with HEPES and supplemented with
glucose, pyruvate, 2-mercaptoethanol, 10% FBS and penicillin/strepto-
mycin as recommended by ATCC. These cells were grown to a density of
1.5 x10þ6 cells/ml, plated onto a 96 well plate at a density of 2 x 10þ4
cells/well, then induced to differentiate into mature macrophages by
the addition of 200 nM of a phorbol ester (12-O-tetradecanoylphorpol-
13-acetate). After 2 days the media was replaced with media without
the phorbol ester and grown for an additional 2 days. Cells were primed
with a very small amount (10 ng/ml) of LPS for 24 hours with CS in
various physiologically relevant concentrations (0, 10-200 mg/ml). After
24 hours, cells were washed with PBS and media replaced with serum
free Opti-MEM along with the previously mentioned concentrations of
CS and various molecular weights (sizes) (ULMW¼7.5 kDA, LMW¼29
kDa, MMW¼289 kDA, and HMW¼1.54 x10þ6 kDa) and concentrations
(0, 1, 10, and 100 ug/ml) of HA fragments were added to the media. After
a further 24 hours, cell viability was assessed and the media harvested.
Following a PBS wash, water was added to the remaining cells and
plates were subjected to 3 sonication/freeze/thaw cycles in order to
release the cell contents. Media and cell contents were snap frozen until
further analysis. Caspase-1 experiments were carried out in 25cm2
ﬂasks and activity was measured on fresh lysate derived from 2x10þ6
cells.
Biochemical measurements: Media and cell contents were analyzed for
IL-1b and proIL-1b by ELISA (R&D Systems). Caspase-1 activity was
determined by ﬂuorometric assay (R&D Systems). Cell viability was
measured using PrestoBlue reagent (Invitrogen).
Statistical Analysis: After normalization for cell viability, all results were
expressed as fold change from themedia only negative control (no CS or
HA). One-way ANOVAwith Dunnett's post-hoc test and post-hoc linear
trend were performed using Graphpad Prism software.
Results: As expected, HA fragments produced large increases
(p<0.0001) in IL-1b release at 10 and 100 mg/ml, with a decreasing
gradient effect (p<0.0001) seen from ULMW to MMW and no effect
seen for HMW HA. CS (100-200 mg/ml) produced a dose dependent
reduction in IL-1b release in cells treated with 10 mg/ml of the 3 HA
lowerMW fragment types (ﬁg 1).While ULMWHA fragments induced a
signiﬁcant increase (p<0.0001) in intracellular caspase-1 activity, CS
had no effect on this activity. CS reduced intracellular IL-1b and proIL-1b
in cells treated with ULMW HA, however, the ratio between the 2 was
unchanged (ﬁg 2).
